Objective. To assess the disease burden of rotavirus diarrhea in Peru as
of the United States and the American Academy of Pediatrics recommended the rotavirus vaccine for the routine immunization of children in the United States, to be administered orally at 2, 4, and 6 months of age as part of the routine schedule for childhood immunization (2, 3) .
One year later, warnings about intussusception surfaced, and the manufacturer removed the vaccine from the market. Subsequent studies found rates of intussusception attributable to that vaccine of approximately 1 in 12 000 children (4) . The true risk remains to be determined, but given the high risk of rotavirus deaths in developing countries-estimated at 1 in 200 children under 5 years of age-if the first licensed vaccine were to become available again, it could prevent some of these deaths and provide a benefit that exceeds the risk of intussusception (5) . Barring the reintroduction of RotaShield ® , new vaccines that may avoid this complication altogether are currently being tested.
Reflecting these issues, a recent consensus meeting held at the World Health Organization (WHO) in Geneva recognized that a rotavirus vaccine would most directly impact children in developing countries. The meeting participants recommended that developing countries begin to review all locally available data on the epidemiology and burden of rotavirus in their own settings (6) .
In Peru the Ministry of Health (MOH) maintains an active interest in the treatment and control of diarrheal disease, especially among children. In the population younger than 5 years of age, mortality is estimated to be approximately 60 deaths per 1 000, and diarrhea is the second most common cause of death (7) . Many studies have examined the etiology of diarrhea in both community and hospital settings, and Peruvian investigators have performed a number of field trials to measure the efficacy of candidate rotavirus vaccines.
To assess the burden of rotavirus diarrhea in Peru, we reviewed published and unpublished studies that describe the incidence of rotavirus diarrhea in the community and the prevalence of rotavirus infection among patients hospitalized with diarrhea. This information was then integrated with data from the National Diarrheal Disease Control Program in Peru in order to estimate the proportion of diarrheal morbidity and mortality attributable to rotavirus for 1996, the most recent year in which data were available from all sources for that year's birth cohort, which included approximately 600 000 infants. The resulting information was combined with recently conducted national estimates of the cost of medical services in order to determine the total cost of rotavirus diarrhea in Peru and the price at which a vaccine would be cost-saving for the national immunization program. We could not find adequate economic information to assess the indirect or societal costs of the disease in order to estimate the cost-effectiveness of an immunization program. Therefore, this analysis represents a preliminary approach toward both the determination of the disease burden and analyses of costeffectiveness.
MATERIALS AND METHODS

Community Studies
We identified six longitudinal studies that examined the incidence of rotavirus diarrhea in Peruvian children. Five of the studies (8) (9) (10) (11) (12) were conducted in a poor urban area of Lima, which is located on Peru's Pacific coast and is the country's capital. The sixth study was conducted in the city of Huaraz, which is in Peru's interior highland (Lanata CF et al., unpublished, 1987) . Three of these studies were field trials of candidate rotavirus vaccines (9, 11, 12) ; using these studies, we analyzed the incidence of rotavirus diarrhea among the children in the placebo groups. Some epidemiologists have argued that disease incidence may not be properly assessed from placebo groups in intervention studies, so we compared the incidences within these groups with those in the longitudinal studies to look for possible bias. In all of the studies, we selected for our analysis the data on children under 2 years old. The incidence of rotavirus disease in each site was calculated as the percentage of diarrheal episodes found to be associated with rotavirus multiplied by the episodes of any diarrhea/child-year.
Health facility studies
We identified 13 studies that reported the proportion of diarrheal episodes due to rotavirus among children seen at three hospitals and one outpatient clinic over a period of 1 year or more. Of these 13 studies, 9 of them were published (13-21) and 4 of them were unpublished (3 studies by Chea E et al., 1992 Chea E et al., , 1994 Chea E et al., , 1996 ; 1 study by Stephensen C et al., 1991, which provided both inpatient and outpatient data). The age ranges of these studies varied, and we had no access to original data that would have enabled us to adjust for the differences. Eight of the 13 studies were conducted among children under 2 years of age, two of them focused on children 3-36 months old, and the remaining three included children less than 5 years old. Despite the age differences among the study groups, we found that the means and medians of the ratio of rotavirus episodes fell into approximately the same range, as we will describe later in the Results section of this paper. Given this fact and the limited data available, we decided to combine all 13 studies in our calculations to create a rough estimate of rotavirus prevalence among children less than 5 years old.
National estimates of the incidence of diarrhea and rotavirus diarrhea
Community surveys. We obtained an alternate estimate of the incidence of childhood diarrhea from Peru's 1996 national Survey of Population and Family Health (SPFH-96) (22) . That survey provided data on the percentage of children less than 5 years of age who reported an episode of nonbloody diarrhea in the 2 weeks prior to the survey. We extrapolated from this incidence rate to determine the number of cases of diarrhea experienced by children throughout the country in 1996. We then estimated the proportion of these community-based diarrheal cases caused by rotavirus by applying the rate of rotavirus disease determined from our review of community studies.
Surveys of health care delivery.
Peru's National Diarrheal Disease Control Program provided information regarding the number of diarrheal cases seen at health care facilities in the country. These data included the number of patients less than 5 years old with acute watery diarrhea who were reported as receiving treatment at any MOH hospital or clinic. We used this information to calculate the rate of diarrhea in health facilities per 1 000 children for 1996.
The data from the National Diarrheal Disease Control Program combined cases seen at outpatient clinics with cases that required hospitalization. To estimate the respective number of cases seen in these separate settings, we used unpublished information from two sources.
One Based on the data from these two sources, we estimated that 78% of diarrheal cases seen by MOH facilities were treated as outpatients and 22% required hospitalization. As above, we then estimated the proportion of these hospital-based diarrheal cases caused by rotavirus by applying the rate of rotavirus disease determined from our review of health facility studies.
Mortality. Each year the MOH compiles a report on mortality that includes information on the number of diarrhea-associated deaths among children less than 5 years of age. However, this information includes only the deaths that occurred in MOH facilities. To create a more accurate view of diarrheal mortality, we referred to the data published in the State of the World's Children 1998, which reported all deaths of children less than 5 years of age (7). We estimated that 20%-25% of the 36 000 deaths in Peru were caused by diarrhea and, conservatively, that 20% of these diarrhea-caused deaths could be associated with rotavirus. The first of those proportions was based on a review of diarrheal mortality conducted by Bern et al. (23) , and the second on a review by de Zoysa et al. (24) . The 20% rotavirus proportion is particularly conservative when compared to the 32% figure that we found among hospitalized Peruvian children, as we will explain in the Results section of this paper.
Disease cost estimates
We could find no surveys conducted in Peru that examined indirect or societal costs to families of a child with diarrhea, such as the value of paid work time lost by the family members caring for the ill child. The cost data for outpatients and inpatients were derived from a 1994 multihospital study conducted by Proyecto 2000, a project of the Peruvian MOH and the United States Agency for International Development (USAID). The Proyecto 2000 study (25) generated cost estimates based on expenditures during the study period for 10 hospitals and 40 health centers or sanitary posts located throughout Peru. These costs varied by the number of patients seen and the location (urban vs. rural) of the clinic. Diarrhea-associated cost estimates included the allocated proportions of salaries, services, supplies, equipment (depreciated over 10 years), infrastructure (estimated rental market value), and administrative costs (salaries and general services such as nutritional support, laundry, pharmacy, and maintenance).
The Proyecto 2000 study found that the mean cost of an ambulatory visit for diarrhea ranged from US$ 7.49 to US$ 16.56 and that the mean cost to hospitalize a child ranged from US$ 44.69 to US$ 62.33 per day. Since we could find no data on the cost of a diarrheal death, we estimated this amount to be equivalent to the cost of one hospital day, since most fatalities occur on the day of admission. Length of stay of the 30 400 children who were hospitalized was estimated according to information from two diarrhea treatment units in Lima. In these two units, 90% of patients were hospitalized less than 24 hours, 8% stayed 24-48 hours, and 2% remained for more than 48 hours (Figueroa D and Salazar E, personal communications, 1998). Once we determined the number of events (outpatient visits, inpatient hospital days, and deaths), we were able to calculate the total cost of rotavirus diarrhea to Peru by multiplying the number of events by the estimated cost of the service. Finally, we estimated the rotavirus-related cost per child under age 5 based on the risk of experiencing each of the three events (an outpatient visit, hospitalization, or death).
Immunization cost estimates
The cost to administer a rotavirus vaccine orally (excluding the vaccine price) was estimated based on cost figures provided by the National Immunization Program of the MOH for a campaign in which only oral polio vaccine (OPV) was administered.
These costs amounted to US$ 0.61 per dose for an immunization conducted at a health facility, US$ 0.70 per dose for those performed in outreach actions in urban areas, and US$ 2.44 per dose in outreach actions in rural areas. The Immunization Program estimates that 30% of OPV dosages are given at health facilities, 50% in outreach actions in urban areas, and 20% in rural areas (Strul M, unpublished information, 1998). These costs included only direct costs due to transportation of OPV vaccine and personnel, logistical support, cold chain consumables, and other similar costs, and did not include salaries of staff, the fixed cost of vehicles or equipment, and administrative costs or treatment of adverse events. Since the rotavirus vaccine will most likely be used in combination with oral polio and the diphtheria-pertussistetanus (DPT) vaccine, one-third of the total delivery cost was allocated to the rotavirus vaccine. These costs were applied to Peru's estimated annual birth cohort of 600 000.
Vaccine price estimates
We estimated the current medical costs (both inpatient and outpatient) for rotavirus diarrhea using MOH data for diarrhea treatment among children less than 5 years of age. From this total, we subtracted the potential cost of delivering the rotavirus vaccine to Peru's annual birth cohort. The difference represents the portion of the existing budget that would be available to purchase rotavirus vaccine and treat diseases among those children who remained unprotected. This difference also indicated a break-even point for the vaccine to be cost-saving. However, the cost of the vaccine could be higher if indirect or societal costs were included in the calculation of costeffectiveness, or if parents were willing to pay for at least some part of the immunization costs for their children.
RESULTS
Disease burden
We reviewed both published and unpublished studies in order to assess the rotavirus diarrhea disease burden in Peru. Six available longitudinal studies provided estimates for the incidence of rotavirus diarrhea based on more than 1 000 child-years of observation over a 10-year period ( Table 1) .
The Lima results suggest that the incidence of diarrheal disease has declined slightly over time, from 9.8 episodes/child year in 1984 to 8.3 episodes in 1991 (median of 9.0), and that rotavirus was detected in 3.4% of these episodes (range, 2.6%-4.2%). Extrapolating these results to the rest of Peru, it appears that a median of 30.9% (range, 27.6%-37.8%) of Peruvian children have a rotavirus diarrhea episode each year for the first 2 years of life. No difference in incidence was noted among children who were involved in the intervention studies as compared to those who were not. However, the incidence of rotavirus diarrhea reported in the mountainous region of Huaraz, based on a single study conducted from 1986 to 1987, found that only 19.7% of children experienced such an episode (Lanata et al., unpublished, 1987) .
Thirteen studies addressed the etiology of disease among children hospitalized for diarrhea (Table 2) . One other study, conducted among outpatients, reported that rotavirus was the primary etiologic agent in 19% of those children with diarrhea. The 13 inpatient studies were conducted between January 1982 and February 1997, in three hospitals in Lima. These studies a "Episodes of RV diarrhea/100 child-years" was calculated by multiplying the "episodes of diarrhea/child-year" ‫ן‬ "% positive" RV diarrhea. b Black et al. limited their study to children < 1 year of age. c Placebo group of vaccine trials. d The results of Lanata et al. were limited to include only children < 2 years old, for which there were 434 child-years of study. e The median was determined for "episodes of diarrhea/child-year," "% positive," and "episodes of RV diarrhea/100 child-years." A sum total was calculated for the other three columns.
included observations on more than 2 000 children, all under 5 years of age. Among patients hospitalized for diarrhea, a mean of 32% (range, 12%-52%) had rotavirus detected as the etiologic agent. As noted in the Methods section of this paper, this mean figure was similar to the median (28%) and was not altered when adjusted for the different sizes of populations studied or for changes in the age group under investigation (i.e., 0-2 years or 0-5 years). The prevalence of rotavirus diarrhea varied by hospital, with the Institute of Nutritional Research reporting noticeably lower figures (12%-26%) than either the Children's Hospital (18%-52%) or the Cayetano Heredia Hospital (27%-47%), both of which handle a substantial number of referrals of dehydrated diarrheal cases. The prevalence of rotavirus also varied according to the inpatient study size, accounting for a greater amount of disease in the 5 studies with fewer than 100 patients than in the 8 larger studies.
Results from the SPFH-96 survey indicated that diarrhea is extremely common among the 2.9 million Peruvian children less than 5 years old (Table 3) . Cumulatively, they experience 3.9 episodes per child-year, or 11.3 million episodes per year. This rate is significantly lower than the 9.0 episodes per child-year noted by the active surveillance of diarrhea among children less than 2 years old in the longitudinal studies reviewed for this paper, a difference that may be partially reconciled by the differences in the age groups studied.
Health facility visits due to diarrheal disease are also common in Peru (Table 3 ). According to the 1996 surveillance data of the National Diarrheal Disease Control Program, a total of 431 506 children visited MOH clinics and hospitals for diarrhea-related reasons. Of these patients, we determined that 78% were outpatients and 22% were inpatients. Consequently, the MOH treated approximately 336 000 of the 11.3 million cases as outpatients and another 95 000 in the hospital. Mortality associated with diarrhea among children less than 5 years old was approximately 8 000 children per year. Applying these figures to the birth cohort of 600 000 infants, we estimate that by the age of 5 years, 1 in 1.8 children would visit an outpatient department, 1 in 6.3 would be hospitalized, and 1 in 75 would die of diarrhea.
From these figures on childhood diarrhea, we estimated the potential role attributable to rotavirus (Table 3) . Rotavirus was associated with 3.4% of all diarrheal episodes in the community, 19% of episodes leading to an outpatient visit, 32% of episodes leading to hospitalization, and 20% of fatal cases. Cumulatively, by age 5 years, one child in 1.6 will have an episode of rotavirus diarrhea, 1 in 9.4 will need outpatient care, 1 in 19.7 will be hospitalized, and about 1 in 375 will die from the disease.
The medical costs attributable to rotavirus diarrhea were estimated from the perspective of the health care system and the cumulative risk for a child up to age 5 ( Table 4 ). The medical cost of rotavirus disease was obtained by multiplying the number of rotavirus diarrhea events by the cost per event, taking into account the average length of stay of an inpatient hospitalization, a For a hospital-based study to be included within this review, its duration (i.e., dates of study) needed to be greater than or equal to one year to account for the known seasonality of rotavirus infections, which are biased towards the winter months. b Study did not include mixed RV infections. c Both of these studies by Stephensen et al. refer to the same body of unpublished data.
1.12 days. We estimated that the Peruvian MOH spends over US$ 2.6 million each year to treat rotavirus-related disease among children less than 5 years old. Of these factors, inpatient hospitalization costs account for US$ 1.8 million, or some 70% of these costs. The average per-child cost of rotavirus disease by age 5 was estimated at US$ 4.48. This figure is the sum of the cost of each event (outpatient visit, hospitalization, death) multiplied by the child's risk of experiencing each event.
The cost of delivering three doses of an oral rotavirus vaccine was estimated according to current MOH figures for the delivery of other vaccines. We used the actual delivery cost of a single dose of oral polio vaccine (OPV) to the birth cohort of 600 000 infants in 1996, but we took into account the 81% coverage for the third of the three doses of diphtheria-pertussistetanus (DPT) vaccine. Rotavirus vaccine would be most efficiently added to the existing Expanded Program of Immunization (EPI) schedule if it could be given with other three-dose vaccinations, such as DPT and OPV. Thus, a rotavirus vaccine budget would be expected to assume only one-third of the total US$ 1 443 000 delivery costs, or some US$ 481 000. Subtracting this delivery cost from the current US$ 2.6 million annually allocated to treating rotavirus diarrhea leaves a theoretical maximum of US$ 2.1 million to purchase the vaccine and treat remaining cases of rotavirus diarrhea. If the Peruvian MOH wanted to vaccinate its 600 000-infant birth cohort within this budget, it could not afford to spend any more than about US$ 3.50 per regimen per infant. It is important to note that this rough figure was calculated by dividing the existing budget by the birth cohort, and may be as much as two times the amount that the Peruvian MOH could actually afford to spend on a vaccine regimen.
DISCUSSION
This review confirms that rotavirus is the most common cause of severe diarrhea in Peruvian children and that it is a target worthy of a future program of prevention through immunization. We estimate that by the age of 5 years more than 63% of Peruvian children will have experienced an episode of rotavirus diarrhea, 1 in 9.4 will seek care at a clinic, 1 in 19.7 will be hospitalized, and about 1 in 375 will die of their disease. Given these figures and the estimated additional cost of administering rotavirus vaccine along with the other routine childhood immunizations, the cost of a rotavirus vaccine would need to be quite inexpensive for the program to be cost-saving. However, as this study could not include total costs (medical as well as indirect or societal), we could not establish a specific price at which a rotavirus program would be costeffective. Nonetheless, the ability to prevent a single death by vaccinating 375 children compares favorably to the benefits of other childhood immunizations.
There are alternative approaches to decreasing the impact of rotavirus diarrhea. One of these is to improve access to early treatment with oral rehydration, a program that has been the mainstay of the diarrheal disease control effort in Peru for two decades. These efforts, however, have not noticeably changed the incidence of rotavirus diarrhea, which remains the main cause of diarrhea hospitalizations.
Recent studies have examined the potential cost-effectiveness of rotavirus immunization programs in Australia, Finland, and the United States as well as the rotavirus disease burden in Argentina, a country that shares some characteristics with both developed and developing countries (26) (27) (28) (29) . In comparison to those four countries, Peru has less health care infrastructure and less money to spend on a vaccination program. The average cost for an unvaccinated patient with severe rotavirus diarrhea to visit an outpatient facility would be US$ 132 in the United States, US$ 30 in Argentina, but just US$ 12 in Peru. For inpatient care, the average cost of hospitalization would be US$ 2 672 in the United States, US$ 900 in Argentina, but just US$ 60 in Peru. Nonetheless, hospital care in Peru, as elsewhere, represents the largest health care expense for rotavirus disease.
This study is preliminary and has many limitations. The most important of these is the lack of data on societal or indirect (nonmedical) costs that rotavirus diarrhea places on affected families. Without this data, a true costeffectiveness analysis cannot be performed. At the same time, given the high mortality estimated for rotavirus diarrhea, the real argument for the vaccine in Peru, as in other developing countries, is not based on the marginal economic gain from prevention of mild disease but on the measurable prevention of loss of life among children. We were also limited by the depth of the data that were available to calculate the rotavirus disease burden at each level of concern: community, health facility, and national. Five of the six community studies that we utilized were performed in the same poor community on the outskirts of Lima, and for three of them, we acquired data from the placebo group of vaccine trials. No difference in incidence was noted between placebo recipients and other studies. The hospital-based studies were also restricted to the population of Lima. Therefore, neither our calculation of the incidence of rotavirus in the community nor the prevalence of rotavirus among hospitalized patients with diarrhea reflects the true geographic, climatic, or socioeconomic diversity of Peru. On the national scale, we used the SPFH-96 survey as the framework for our estimates of the incidence of rotavirus diarrhea in the country, but we did not take into account the known seasonality of the virus nor the sampling error of the survey. We also did not have any means of confirming the inclusiveness of the data supplied by the National Diarrheal Disease Control Program.
This review assumes that rotavirus vaccination would occur as a threedose regimen on a regular EPI schedule of 6, 10, and 14 weeks, as is done in the vaccine field trials under ideal conditions. That defined regimen would prevent the largest proportion of rotavirus infections, but it is likely that a proportion of infants would receive the vaccine at older ages. These children would have a greater chance of having a rotavirus diarrheal episode before receiving the vaccine, thus reducing the potential impact of the immunization program. For these reasons, when a new vaccine is licensed, it is important to conduct a large intervention trial in order to evaluate its true impact under field conditions. An important aspect of such a study is to assess the number of deaths averted by the use of the vaccine. Moreover, given the limited budget funds available for the implementation of new vaccines, regimens with fewer than three doses should be tested for efficacy. A one-or two-dose regimen, for example, would lead to a substantial cost savings for the Peruvian MOH.
Implementing a rotavirus vaccine program in Peru would greatly impact the large numbers of patients with severe rotavirus diarrhea seen at MOH clinics and hospitals. However, a single family would likely not see much individual benefit after vaccinating its child against rotavirus, since the fraction of all diarrheal episodes that is caused by rotavirus is small. Therefore, an important aspect of a rotavirus immunization program will be educating parents on the importance of vaccinating their children even though the impact may not be directly evident.
The preliminary data found in this study are interesting, but they rely extensively on extrapolation because more complete information was not available. Estimates of rotavirus disease burden, mortality, and costs need to be updated and expanded to include the entire country. Once these data are collected, the risks of intussusception associated with the WyethLederle Rotashield ® vaccine may prove to be of less importance. Other new vaccine formulations are forthcoming. These will need demonstration studies to answer important questions concerning their efficacy and cost. For example, will a new vaccine work in settings where children have very high rates of diarrhea? Will it be efficacious among children in Peru? Will two doses or even just one dose of such a vaccine also prove to be effective? Each of these issues will directly affect the cost of a mass immunization program, as would more exact population and cost estimates from the MOH regarding immunization. Opportunities to examine these questions should occur over the next 3 to 5 years as the next generation of rotavirus vaccines is licensed for use in children.
Objetivos. Evaluar la carga de morbilidad de la diarrea por rotavirus en Perú, la necesidad de una vacuna y el ahorro que esta podría proporcionar en este país. Métodos. Para evaluar la carga de morbilidad de la diarrea por rotavirus en Perú, se revisaron los estudios publicados y no publicados sobre los rotavirus como causa de diarrea en niños. Las tasas de detección de rotavirus en estos estudios se combinaron con las tasas de incidencia de diarrea procedentes de varias encuestas nacionales, con el fin de estimar tanto la carga de morbilidad de la diarrea por rotavirus como sus costos médicos. Resultados. Los rotavirus son una importante causa de morbilidad y mortalidad en los niños peruanos. Se estima que, en sus primeros 5 años de vida, 1 de cada 1,6 niños sufre un episodio de diarrea por rotavirus, que 1 de cada 9,4 busca atención médica, que 1 de cada 19,7 necesita ser hospitalizado y que 1 de cada 375 muere por esta causa. Cada año, esto representa aproximadamente 384 000 casos, 64 000 consultas, 30 000 hospitalizaciones y 1 600 muertes. El costo anual únicamente de la atención médica de estos niños es de aproximadamente 2,6 millones de dólares estadounidenses, sin tener en cuenta los costos indirectos o sociales de la enfermedad y las muertes. Conclusiones. La vacunación contra los rotavirus permite albergar la esperanza de reducir la morbilidad y mortalidad de la diarrea en Perú, pero el régimen de vacunación debería ser relativamente barato (unos pocos dólares por niño). En el futuro, los análisis de costo-efectividad deberían investigar los costos totales (tanto los médi-cos como los indirectos o sociales) de la diarrea por rotavirus, y las vacunas que se aprueben deberían ser probadas en lo que se refiere tanto a su capacidad para evitar las muertes como a su eficacia con menos de tres dosis. Estos tres factores podrían incrementar el ahorro proporcionado por la vacuna contra los rotavirus.
RESUMEN
Carga de morbilidad de la diarrea por rotavirus en Perú: la necesidad de una vacuna y su potencial de ahorro Esta tercera edición revisada constituye una guía práctica para enseñar a los agentes de salud a determinar si una persona padece diarrea y deshidratación, a tratar eficazmente estos casos y motivar a los miembros de la comunidad a adoptar prácticas preventivas. Aplicando criterios didácticos, el manual utiliza un lenguaje sencillo, apoyado por abundantes diagramas, cuadros, listas de comprobación e ilustraciones.
